Aims: The aims of the present study were to investigate rate of mandibular incisors alignment, levels of IL-1β and pain and discomfort during orthodontic alignment with the following: 1) conventional-ligating appliance (CLA); 2) self-ligating appliance (SLA); 3) self-ligating appliance combined to vibrational appliance (SLA-VA). Methods: This was a three-armed parallel group randomized clinical trial with allocation ratio 1:1:1. The main inclusion criteria were: full permanent dentition, age below 25 years, no missing teeth, first skeletal and molar class, non-extraction treatment, Little's Irregularity Index (LII) from 3mm to 6mm. The main outcomes were rate of mandibular incisors alignment, concentration of IL-1β and pain and discomfort. Measurements on models were performed at appliance placement (t0) and at monthly intervals for the first 3 months (T1, T2, T3), whereas IL-1β levels were measured at weekly intervals for the first 3 weeks (t1, t2, t3). Differences between groups for normally-distributed variables were initially estimated through Analyses of Variance (ANOVAs) tests, followed by Post-Hoc Scheffe analysis for pair wise comparisons. Results: Thirty-three patients were recruited and randomized with no lost to follow-up. During the first two months, faster alignment was observed for SLA (P=0.0491) and SLA-VA (P=0.0134) compared to CLA. At each time-point of measurement no differences were observed between SLA and SLA-VA. At t1 and t2 were found higher values of IL-1β for SLA-VA compared to SLA (P=0.0209, P=0.0352) and CLA (P=0.0018, P=0.0029), whereas at t3 the difference persisted only versus CLA (P=0.0304). No relevant differences in terms of pain and discomfort were observed between groups at any time point. Conclusions: Self-ligating appliances seem to perform better than conventional-ligating appliances in terms of timing of teeth leveling and alignment. Vibrational devices seem to enhance secretion of IL-1β but do not increase effectiveness of leveling and alignment with regard to treatment acceleration or pain reduction.
Introduction
Acceleration of orthodontic tooth movement has long been desired for multiple potential benefits for both the patient and the orthodontist (1). Approaches to achieve shorter orthodontic therapies consist of attempts to enhance existing orthodontic mechanics or to apply adjunctive non-orthodontic procedures.
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The mode of archwire ligation has been considered a potentially important factor of orthodontic mechanics influencing the effectiveness of initial orthodontic alignment due to differences in frictional forces generated in the slot-wire interface (2) (3) (4) . Several trials have been published comparing the self-ligating appliances with conventional ones (5) (6) (7) (8) . A recent systematic review and network meta-analysis investigating direct and indirect comparative evidence between the two ligation systems indicated non-significant difference in terms of alignment effectiveness (9) . Still, results should be interpreted with caution because of the small number of studies and imprecision of the estimated treatment effect and further well-conducted studies seem to be necessary in order to estimate potential difference. Therefore, effectiveness of these appliances remains under debate.
In terms of adjunctive non-orthodontic procedures, apart from surgical approaches which are considered to be quite aggressive in terms of patients' experiences and acceptance, (1,10) application of vibratory stimuli has recently gained an increasing interest. Vibratory stimuli released through non-invasive devices for few minutes per day may present a non-invasive approach which is easily accepted by orthodontic patients (11) . It is reported that resonance vibration can stimulate the expression of osteoblastic cell-derived factors on osteoclast precursors like receptor activator of nuclear factor kappa B ligand (RANKL). This factor binds to its receptor, RANK, on the surface of developing osteoclastic cells resulting therefore on osteoclast formation in the PDL (12, 13) . On the other hand, an increase of bone mass could be induced by vibration of a certain frequency, intensity and duration (13) . Based on promising results of few animal studies on potential acceleratory effects of vibrations, (12, 14) several human studies were undertaken in order to evaluate the effect of vibrational forces on orthodontic tooth movement (11, (15) (16) (17) (18) . However, contrasting results emerged by different studies. Miles at al. showed that vibratory stimuli released through a vibrational appliance provided no clinical advantage for early resolution of crowding or alleviation of pain during initial alignment (11) . Similarly, Woodhouse et al. found no evidence that supplemental vibrational force can increase the rate of initial tooth movement or reduce the amount of time required to achieve final alignment when used in conjunction with a preadjusted conventional appliance (15) . Contrary to these findings, Pavlin et al. (19) reported that low-level cycling loading of 0.25N at 30 Hz released by the same vibrational appliance used in the study of Miles et al. increases the rate of orthodontic tooth movement (OTM) when applied as adjunct to orthodontic treatment. In a recent study Leethankul et al. investigated through a split-mouth study the levels of IL-1β in gingival cervicular fluid and the rate of orthodontic tooth movement in canines stimulated by electric toothbrush compared to standard orthodontic movement of canines (16) . They found enhanced secretion of IL-1β and accelerated OTM in canines stimulated by electric toothbrush vibrations. IL-1β is an inflammatory cytokine secreted as response to orthodontic tooth movement. It can stimulate osteoclast differentiation, function and survival, contributing to the activation of the bone remodeling process and tooth movement (20) . While increased levels of IL-1β are generally related to higher pain and discomfort (13) , one recent trial reported on the capacity of vibrational appliances on reducing the perception of overall and biting pain in patients undergoing orthodontic treatment (21) , while another recent RCT reported that no significant differences existed in terms of pain experience between patients using conventional fixed therapy and adjunctive vibrational devices (22) .
It is clear that to-date effects of various vibratory and self-ligating appliances on bone remodeling, OTM and pain control are controversial and remain unclear. The aims of the present study were to investigate rate of teeth leveling and alignment, levels of IL-1β and pain and discomfort at different time points during application of the following orthodontic treatments: 1) conventional-ligating appliances (CLA); 2) self-ligating appliances (SLA); 3) self-ligating appliances combined to vibrational appliances (SLA-VA).
Materials and Methods

Study design
This was a three-armed parallel group randomized clinical trial with the allocation ratio 1:1:1. No changes to the methods after trial commencement occurred. This work was reported according to the CONSORT statement (23) . The procedures followed in this study were in accordance with the ethical standards of the revised Helsinki Declaration for biomedical research involving human subjects (24) .
Participants
The following selection criteria were applied to patients in need of orthodontic treatment with fixed appliances: full permanent dentition (at least until first molar), age below 25 years, no missing teeth, first skeletal and molar class, non-extraction treatment, absence of diastema in mandibular arch, Little Patients fulfilling the inclusion criteria were recruited and treated at the Division of Orthodontics, Dental School, University of Turin, from January 2013 to October 2015. Detailed information on each treatment and potential allocation was provided for all patients and informed consent was obtained from all of them (or parents in case of adolescents). All subjects were treated by residents in orthodontics under the supervision of specialist consultants.
Interventions
For each patient an initial standardized orthodontic case study, including study cast models, radiographs, intraoral and extraoral photographs and periodontal evaluation was performed. All patients underwent one session of oral hygiene debridement prior to appliance placement and if deemed necessary, 2-3 days before GCF samples collection. Modified Sulcus Bleeding Index prior to orthodontic therapy had to be inferior to 20%. Subsequently it was constantly monitored and necessary oral hygiene sessions and instructions were given, with the aim of keeping it below 25% throughout the duration of the therapy.
MBT twin brackets 0.022-in slot (Mini-master, AO, Sheboygan, Wi USA) were used for the CLA group, whereas interactive self-ligating brackets (Empower, AO, Sheboygan, Wi, USA) for the two other groups. In the SLA-VA group the orthodontic treatment was coupled with a vibrational device (Accledent, OrthoAccel Thechnologies, Inc. Huston, USA). The following standardized archwire sequence was implemented in each case: 0.014-in thermal nickel-titanium archwire (Thermal-Ti Lite, Form I, AO, Sheboygan, Wi USA), 0.017 X 0.025-in thermal nickel-titanium (Thermal-Ti Lite, Form I, AO, Sheboygan, Wi USA), 019 X 0.025-in thermal nickel-titanium (Thermal-T D, Form I, AO, Sheboygan, Wi USA) and 0.019 X 0.025-in stainless steel (Form I, AO, Sheboygan, Wi USA). In the CLA group metallic ligatures were used. The vibratory device was used according to the manufacturer's indications. The device includes a biting mouthpiece that releases vibration to teeth of both lower and upper arches. Patients were instructed to use this device for 20 minutes daily, beginning from the day of appliance placement and continuing for the first 4 weeks.
Outcomes
The main outcomes were rate of mandibular incisors alignment, concentration of IL-1β and pain and discomfort. The secondary outcomes were quantity of GCF and periodontal depth (PD).
Rate of mandibular incisors alignment was measured on repeated cast models. All impressions were recorded using alginate and the casts were produced by mixed stone agitated under vibration. All casts were marked with an assigned sequential number. The displacement of the incisors contact points of the six mandibular incisors were quantified from each cast using LII. LII involved measuring the displacement distance from the anatomic contact point of tooth to the adjacent tooth anatomic contact point. The sum of the five displacement measures represented the relative degree of anterior irregularity. Measurements were carried out using electronic digital caliper (Mitutoyo Absolute, Tokyo, Japan) with an accuracy of 0.005mm. Measurements were performed on a serial of study models taken at t0 and at monthly intervals for the first 3 months (T1, T2, T3). The same 0.014-in round NiTi archwire was used to align the teeth throughout this period, unless replacement was needed, but the wire diameter was kept the same.
The error of the method was calculated to determine the reproducibility and reliability of the study cast measurements. Ten study models were re-measured by the same examiner at two different times, 2 weeks apart.
Apart from the first month in which several appointments were scheduled for GCF collection, during the rest of the therapy patients were seen every 4 weeks.
The levels of IL-1β concentration were determined using ELISA (Enzyme-Linked Immunosorbent Assay). The quantitative analyses of the GCF withdrawn were obtained by the use of an electronic analyzer (Periotron 8000, Oraflow ™, Plain view, New York, NY, USA). The Periotron measures the effect of a current of electrons on the strip soaked by the crevicular fluid and provides a given estimate of quantity of GCF.
The collection of GCF was performed immediately before application of the first archwire (t0), after one hour (t1), after 1 week (t2) and after three weeks (t3) from the application of the first archwire. All GCF collections were performed by the same operator.
GCF samples were assayed for the mandibular lower incisor presenting the highest displacement of contact points in both tension and compression sites, through Perio paper strips (PerioPaper, Oraflow, Plain view, New York, NY, USA). The teeth were gently washed with water, and the sites under study were isolated with cotton rolls and gently dried with an air syringe. Perio paper strips were placed into the mesio-buccal aspect of the gingival cervice until resistance was felt (approximately 1mm subgingivally) and left in-situ for 30 seconds. After 60 seconds the procedure was repeated for the disto-buccal aspect of the gingival crevice. Care was taken to avoid mechanical injury. Any strips visibly contaminated with blood were discarded. The volume of GCF in the perio paper was measured with a calibrated Periotron 8000, and then the readings were converted to an actual volume (microliter) by reference to the standard curve calibrated with human serum. (26, 27) The paper strips were then placed in a single labeled test tube containing 350 µL of phosphate-buffered saline (PBS). After 1 hour at room temperature, the strips were removed and the eluates were centrifuged 5 min per 6000 rpm (Microfuge®22R centrifuge, Beckman Coulter, CA, USA) to remove plaque and cellular elements. The samples were stored at −80°C for subsequent assay. The levels of IL-1β were determined using commercial ELISA kits (Invitrogen, CA, USA). Fifty microliters from eluted sample were assayed according to the manufacturer's instructions. The test sensitivity is so high that it manages to detect IL-1β even when the quantity is 1 pg/mL, as indicated in the technical cards. The amount for IL-1β was examined at 450 nm using a microplate reader (wallac 1420, PerkinElmer, Finland). Concentrations of the cytokines in each 50 µL sample were determined by generation of standard curves. The IL-1β concentration (pg/µl) was calculated by dividing the total amount of IL-1β by the GCF volume for each sample.
The pain and discomfort was evaluated through questionnaires delivered to patients after appliance placement. Patients were asked to record their experience of pain and discomfort at 4 hours, 24 hours, 3 days, and 1 week after their visit. The subjects' discomfort experience was evaluated using a visual analog scale (VAS) including an unmarked horizontal line 100 mm long and weighted at both ends by the descriptive terminology ''very comfortable'' on the left side and ''very uncomfortable'' on the right (28) . Each patient was asked to place a mark on the line that best corresponded to the level of pain experience. Subsequently, measurements were made of the distance from the left margin of the line to the recorded score. Considering the effect of anti-inflammatory medications on tooth movement, if patients had made use of more than 2 doses of medication during the first week after the orthodontic appointment, they had to be excluded from the study (29) .
Sample size
The sample size in the present study was calculated based on published data reporting initial alignment rate of 0.05mm/day, (30) with an assumed SD of 0.025. We estimated the relevant expected effect on the experimental groups to be 0.08mm/day. A two-tailed alpha of 0.05 and power of 0.8 suggested a minimum of 11 participants in each group. Therefore, 33 participants were recruited for the three groups.
Randomization
A list of block randomization with variable block size scheme of 3 and 6 was generated on Stata using the command "-ralloc" (StataCorp, College Station, Tex). Allocation concealment was obtained implementing a centralized assignment which did not involve trial investigators and staff. The assignment of each patient was informed through an email from the randomization center prior to the intervention. Blinding of patients and practitioner was not feasible, however outcome assessment was blind because the GCF samples, models and questionnaires were enumerated in a sequential order from the first to the last collection with no reference to pertaining patients or groups. One investigator blinded performed all measures on models. Similarly, statistical analyses were performed by a statistician on data with coded names of the groups.
Statistical Analysis
Descriptive statistics as means and standard deviation were computed at each time point for IL-1β concentration, rate of mandibular incisors alignment, pain and discomfort, quantity of GCF, and PD. Before performing the test of significance, normality assumptions were tested by Shapiro-Wilk test. Differences between groups for normally-distributed variables were initially estimated through Analyses of Variance (ANOVAs) tests, followed by Post-Hoc Scheffe analysis for pair wise comparisons. The effects of dichotomous or categorical baseline variables on outcomes were evaluated using multiple logistic regressions. All tests were two-tailed and all statistical comparisons were conducted at the .05 level of significance. The analysis followed the Intention to treat principle. If the number of missing values was substantial or if data was not missing at random, their effect was examined and any bias quantified. Data analyses were performed with Stata version 12 (Stata Statistical Software, release 12.0, StataCorp).
Results
A CONSORT diagram demonstrating subject flow through the trial is shown in Figure 1 . No patient was excluded from the study and there were no lost to follow-up. There were only three missing data concerning GCF collection at t2 and t3 (one sample from the CLA group and two from the SLA group) due to non-compliance (patients did not show up at the pre-scheduled appointment). One patient assigned to SLA group was noncompliant with respect to the pain diary at T1. Despite of the missing data, patients were not excluded from the study because the missing data were not substantial and not dependent on the baseline parameters.
Descriptive statistics of patient allocation with gender distribution, mean age and mean pre-treatment LLI are presented in Table 1 . ANOVA test was performed in order to estimate potential differences of these parameters between groups. There was no discrimination with respect to these factors between the 3 groups, validating the random assignment of appliances to each group. Intra examiner reproducibility and reliability assessment for measurements on models showed good agreement, with intraclass correlation coefficient value of 0.96. Mandibular incisors alignment was mainly achieved during the two first months of therapy in all groups. LII for the baseline and the first three months of alignment is shown in Table 2 . Baseline values of irregularity were similar between the three groups and no significant differences were observed for each pair wise comparison. During the first month higher alignment was observed for SLA and SLA-VA groups as compared to CLA group, differences being statistically significant, P= 0.0267 and 0.0162 respectively. Similar effect was observed at the end of the second month. The LII index was reduced significantly for the SLA and SLA-VA group, compared to CLA group. At the end of the third month almost all irregularity of mandibular incisors was solved and mild discrepancy pertained for all groups. Differences between groups were not relevant indicating comparable performance of the three therapies at the end of the third month. Data on IL-1β concentration for different time points for all groups are shown in Table 3 . For all the three groups the levels of cytokine reached the peak at 1h after appliance placement and then started decreasing keeping high levels also after one week. At three weeks the IL-1β decreased progressively compared to one week but remained slightly higher than initial levels. At t0 differences between groups were non-significant indicating similar distribution of IL-1β baseline levels as a potential effect modifier of the effects observed after therapy application. At t1 the level of IL-1β increased markedly especially for the SLA-VA group resulting in significant difference when compared to SLA group (P= 0.0209). The most important difference was noticed when comparing CLA and SLA-VA group (P= 0.0018). No statistically relevant difference was noticed between CLA and SLA at t1 (P= 0.6682). One week after appliance placement, differences between groups persisted. The more relevant difference remained that between CLA and SLA-VA group (P=0.0029). Less relevant was the difference between SLA and SLA-VA (P=0.0352). Three weeks after appliance placement, differences between CLA and SLA were still not pertinent, whereas SLA-VA group exhibited higher values of IL-1β as compared to both SLA group (P=0.1792) and CLA group (P=0.0304).
Pain and discomfort reached the peak at 4 hours after appliance placement and decreased gradually at 24h and then at 3 and 7 days for all groups. No relevant differences in terms of pain and discomfort were observed between groups at any time point of measurement. Still, SLA group exhibited lower mean values compared to CLA and SLA-VA, especially at 4h and 24 h.
Measurements of clinical variable PD indicated absence of periodontal compromised health for all patients at all times of measurement.
Regression models indicated no differences between males and females for all outcomes at all time points. Similarly, no effect of age (as categorical variable) was observed in any of the endpoint variables for all time points of measurement. Table 4 : Pain and discomfort measured on a VAS scale at different time points and Scheffe test for differences between groups. Mean and standard deviation (SD). 
Pain and discomfort (VAS 100mm)
Discussion
This three-armed prospective randomized clinical trial investigated the effectiveness of self-ligating appliances and vibrational devices as an adjunct to self-ligating appliances in aligning mandibular lower incisors compared to conventional ligating orthodontic treatment. The main focus was to evaluate biological response of these orthodontic therapies in order to correlate purported acceleratory capacities to biological induced effects.
Studies in humans demonstrated that the level of IL-1β in GCF elevates significantly during orthodontic tooth movement. Self-ligating appliances and vibrational devices have been claimed to increase the rate of orthodontic tooth movement by accelerating periodontal and alveolar bone remodeling. In the present study the effect of self-ligating appliances and vibratory stimuli provided by vibrational device on the level of IL-1β in GCF was investigated. Levels of IL-1β in GCF resulted markedly increased one hour after appliances placement. The SLA-VA group presented significantly higher levels than the SLA group and the difference was even more pronounced when compared to CLA group.
Therefore, these results indicate that vibratory stimuli can alter the concentration of GCF components. In agreement with these findings Leethanakul et al. found higher concentration of IL-1β in canines after electric toothbrush application for 2 months (16) . Interestingly, in their study a higher rate of maxillary canine distalization was also reported. In contrast, results of the present study indicate that the vibratory device does not influence the rate of incisors alignment during the three first months of therapy. The present results indicated an acceleratory effect in the self-ligating appliance group when compared to conventional group, but the adjunctive vibratory device does not seem to add any benefit to self-ligating therapy. Therefore, no direct positive correlation seems to underlie the relation between levels of IL-1β and speed of orthodontic tooth movement when using vibrational device. We hypothesized that effects of vibrations on increasing bone mineral density and structure might withstand potential effects of IL-1β on bone turnover. Similarly to the findings of the present study, Woodhouse et al (15) reported that the supplemental vibrational effect does not significantly increase rates of orthodontic alignment with fixed appliance.
Caution should be made while analyzing levels of IL-1β because of the possibility of its augmented secretion in the GCF also because of gingival irritation due to periodontal plaque-related inflammation. Although elevated levels of IL-1β have been related to the severity of periodontal disease, the increased concentrations of IL-1β observed in this study at all time points are markedly below those of patients with gingivitis and periodontitis. Moreover, values of clinical parameters PD and BoP did not change throughout the duration of the treatment, indicating absence of periodontal inflammation. Therefore, the increased IL-1β levels measured in this study is within the limits of an acceptable physiological response and differences in the level of IL-1β can be attributed solely to orthodontic tooth movement under the specific therapies.
The GCF volumes at each time point were of low statistical relevance in differences between the conventional and experimental groups, in agreement with the findings of Drummond et al. (31) and Leethanakul et al. (16) who showed that GCF volume is not a reliable biomarker of tissue remodeling during orthodontic treatment. Hence, it seems reasonable to continue using quantity of GCF only as a measurement necessary for estimating concentration of biomarkers into GCF and not for direct assumptions on orthodontic tooth movement.
A VAS was used in the current study for pain and discomfort assessment as perceived by patients. This method was selected as the measurement tool of pain and discomfort because it has been validated and used extensively in randomized trials and has shown good construct validity as compared to other pain measures (32) . In the present study the pain experience at each time interval was found to be independent of bracket type or therapy. Even if the conventional group reported higher mean levels of pain, differences between groups were not relevant. This outcome confirms findings of Fleming et al. who reported that self-ligating appliances induce pain and discomfort similar to conventional appliances (33) . Conversely, Miles et al. reported greater pain experience with a conventional appliance compared to passive self-ligating system (34) . Authors argued that complete engagement of archwire with the conventional appliance might result in higher pain and discomfort. In the present study only patients with mild irregularity were included and full initial engagement was attempted in each case. Therefore, apart from insertion archwire facilities that self-ligating systems offer, no other benefit in terms of pain relief was observed. Similarly, it was found that supplemental vibrational devices did not induce reduced pain and discomfort. Some studies have found that vibration diminishes pain response (21, 35) , but evidence is conflicting on this. A recent well-conducted tree-armed randomized controlled trial including eighty one subjects reported no added value of supplemental vibrational force during initial tooth alignment (17) . Authors suggested that orthodontists carefully consider the use of AcceleDent as a method of pain relief or tooth movement accelerator. The findings of the present trial are in agreement with these implications, considering also time and cost-related aspects of supplemental orthodontic therapies.
This investigation was designed as a three-armed randomized clinical trial and recruited groups were comparable for inclusion criteria, age and sex. Still the expected effect estimated for calculating the sample size was big and therefore the number of the included patients was not large, due to a narrow range of inclusion criteria and limited number of potential confounders mainly. This accounts for a satisfactory level of internal validity. In terms of external validity, the results of this work can be mainly generalized to a population of young orthodontic patients that exhibit a moderate-to-high aligning irregularity which represent a large community of patients in everyday practice. This trial focused on the effects of therapies during the aligning phase. Therefore, the same findings can be also extended to the initial phases of the majority orthodontic treatments conducted preserving a good periodontal health of patient. Furthermore, inferences on the ability of the current investigated orthodontic therapies on accelerating orthodontic tooth movement can be made.
Crowding solving was assessed using the irregularity index measured on models. This may represent a limitation of the research, as this index is considered more appropriate for epidemiological studies rather than for clinical studies (36, 37) estimating changes in tooth alignment (38) . Attempts were made to overcome shortcoming of this methods using a high-precision caliper and estimating previously the intra-rater reliability and reproducibility.
Conclusions
Results of the current study suggest that self-ligating appliances may perform better than conventional ligating appliances in terms of timing of teeth leveling and alignment. Vibrational devices used as adjunctive therapies seem to enhance secretion of IL-1 β without increasing effectiveness of orthodontic therapy in terms of therapy acceleration or pain and discomfort reduction.
Abbreviations
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